Searching PAJ 



1/2 s<—V 



PATENT ABSTRACTS OF JAPAN 





(1 1 publication number : 07-255691 
(43)Date of publication of application : 09.10.1995 


(51)lnt.CI. 




A61B 5/055 


(21 Application number : 
(22)Date of filing : 


06-042937 
15.03.1994 


(71 Applicant : GENERAL ELECTRIC CO <GE> 

(72)lnventor : SOUZA STEVEN P 

DUMOULIN CHARLES L 
ROBERT DAVID DARROW 

i 



(54) MAGNETIC RESONANCE TRACKING APPARATUS AND TRACKING METHOD 

(57)Abstract: 

PURPOSE: To provide a tracking apparatus which 
monitors a position of a device such as a catheter in 
the human body to be inspected, using magnetic 
resonance signals. 

CONSTITUTION: In the device 150 in the human body 
to be inspected, a receiving coil 200 is set up which 
is sensitive to magnetic resonance signals, and the 
tracking apparatus detects these signals under the 
existence of a magnetic field gradient. By detecting 
the signals having a frequency proportional to a 
position of the coil along the applied gradient 
direction, the position of the device in the human 
body to be inspected is determined. In order to 
minimize the effect of an offsetting state of the 
resonance on measured positions, such as an 
unsatisfactory adjustment of the frequency of a 
transmitter, a chemical shift and so, the position of 
the device in orthogonalized three dimensions is 
determined through selecting an amplitude and a 

polarity of the magnetic field gradient, repeating measurements several times, and calculating 
a linear combination of data collected corresponding the different magnetic field gradient. 
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imm^(o mm] 

at, (b) Sfcmfc^jSE^Pfl. ^I&tj^zK^c&^o 

ffiaft/aifi (R F ) ^^^^r^^ft:;ci^t9i^A>T\ fijfe 
*5«»J«SS (RF) HSfMS^afc* (c) afi*bfc» 

ra«#q§ (m'r) Jt^m^z&ft^zwith^&k, 

(e) Kfitm^Si^SLT, ^tii^^TtiMR^ff^- 

( f ) mtmm^st, «a^a. nw^mRxim^ 

&«s^a* ^ta^a. w*¥a&^E¥as:f?it 
sswmmm*^ (g) miEtmt^s^rt;*Lr, mils 
^mmmm^mm^^-^ * teat l -c^toi^^ 

at, (b) gui5«iii»^aicBiWJt!btL-cv^, a« 
ixfcjtssB^pa, mm&x*ffl&$k&n<>i&Mmr& (rf> 

t'^cO^fm7t«^c0*ib^^^i3^^«^Jlffi (R 
F) i£<M£¥a<h, (c) atfixfcftfiO&ST, BSfHlc 
otiT mII5K#(Oigi|ii £ ^ x o rt: * co £]id¥a <h , 

(d) ^tf^coiliiixfca^^co^a*! 1 .* (MR) j£ 
SfS-^**tti-f SftttS^Si:, (e) Kftffi^StCiSS: 

Br&tW^SfrJMMai:,. (f) WtciSfSS^a. ^ffi 

^a* th»^a&t54gBa^a(c«*stL-cv^r, 
a, fHf^a&^e^aifpiti-rswjws^ai:, 

iw*xg4 ] ffiia«ffi^a^mjieiftiafi»3sa(-@^5 
[i»*Ji5] suEfm^aa^ x*u n-* 



mm<Dmmz&mTzjjm^r , (a) »tt«t»(-*3 
ifu^mmmmm. (rf) /</ux%, mx^xomtun 
( c ) m*t°>-(Dmmz±ztz^frh<n^vmmm%L 

m% (MR) j£*«*£«*ttiU (d) ifaStpMRJ^ 
&m***tDmffi<n*71zv h&Vr&L. (e) »^t°>- 
^iKm/c^^co^iij^fT^^o J: o Scff 1 COR F 
/u^Sr««i*(C3£9 5i^ (f) »l<^a«ixfc*|filic 
f*H7T, fglc0 2 n-y^ffi^^ia/N/w^^SUfBK 
^ttieRMJPU (g) ffiri£tKiiJ»aS»icSW-(-tibixfc=i 

(MR) JSSff-^itfctti U (h) SlOMRBSM 

(i) WI5«1 co*^«c»tt5*ff(0»^^HulE»Bff 

£j IE co ^ rfij i d » o fc mj f S K 5£ * m ■ <z> » 9? & ft * - J- 5 a 

7 ] 1'^, ( j ) miE«*flEOE^W*»Wf 
fc*iR*U (k) Sifia«ia«:3g«.<OffHrS4xfeaiSf* 

afei-ffi«^mi5E¥tt*»wf««ciE**a*i-5ap» 

8 ] mia* i <oMRj£S«^&#ai- sara 

^ mjtsM i <omi3nti3jfaiz.m^<DW> i co 2 

I*^«6IE*c0^fe 0 

ftom^, MRJE««#*^Pfl»*'ftd^JaiS»» 
ft (73;^) -t-oa»*^tfB*5l6E«0*iSo 

cO*ffi 0 

[M*3si 1] Mtc, jB2<o*»jytRF^/^*ffi 
p»a:xi--5*2<oa(iixfc^[fi](cf6iit"c, ssEa^fftc 

|£ 2 co 2 o-^B6£U«#^ia^^*B3SPL, »i2 

co 2 n — ^atH5sis L ^iiB>" ? ^^ ^^«*i-ffi^p-r ^> cO 

fcffl^C. !B2c0MRJCE*«*«:ttmL. BEJB2<OMR 

l, anE»2o^raiw»Jt5*»<o»Hif^&^E»0f(o 

(c»(t5Sffi^ s ffi*S«(c^5a»*^tfiS*«6E 
®c0*"^ o 

[S5RJS12] JEtd, ^3<p^5SSH4RF^/u^*K 

flSESi&t^»2co«tfJxfc*rfii , .-«- 

LTS5&E^i-om3cOi||Jj:nfc^rr^!C^ij-T, S3C0 2 
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002 ^-^mmthm^^<^^^mkm^mwr^(D 
l . mum 3 co^-f^ jc^tt £ ^f$co^ tb fflie^^f co 
#m i i te«co^& 0 

fz^xm-m^mm^n^m^mn^muL, (b) 
mico^ii^^/i^ (rf) '*'ux&mkmzmy 
(c) m i <o*ffiijcffi](trM i co 2 a— z/mm& 

(c) irfe]0#{cS l oo^^itqi (MR) i^^ff ^-^r^dti 

(e) Ml5^lcOMR^ff^^fulS^lcO^[^ic^ 
otJlWfiiPUIHl, (f) *2W^58«ttR 
F s<iV7. Z&fefe{z£: <o (g) mmmi<DJjfah 

\*nm#i\z&t£z>m2 (ojy^z^nxm 2 co 2 □ —jm 
• (g) i^fl*ic^2(OMR^s:ft^«iaLr, Buiess 

( i ) sZm 2 (DMRfc&m^-frhmzm 2 (Djjfa{Zfe<> 
fc*2(0|S:tP2iSHU (j) M3c0^il^RF 
^/^3rtS^fl:;z^i9ii^ (k) sufEi? 1 &t/Jg 2 co 
^f^ir^KWiC^T^omSoo^-f^ICf^^T, |g3c02 
o-^ttffi«#^E/^/^*K«»:iCPnSPU, ( 1 ) 
ftufESPg (k) <t fw]5#{-B 3 com Rfc-g-m^Zmfc L 

(m) KSR3(^MRJKSIf^*(bfJ3E»3co^rffii 
fzm 3 cofifi P 3 *ffJ£U (n) »4 0*i« 
t*RF^/u^S:tt«fe»:Jc3l9ii^, (o) mjffiSS 1 , » 
2 ftt^JB 3 cO^f*] t iiHWW!cS^o^4 cO^^{CfS]tt 
T» 4 CO 2 n — y^^tb^#^JlE^Vu^ & fo&mzEflM 
U (p) IIM4C0 2 a— ^jgKffiS£lf.4g|B^u^*ep 
to^Z(Dtm^\zm4(DMRIfcmi^&8zftLX, 1515 
*4c0^rrfil«C»JtS«aE^WSttJ*S«(CL, (q) 0[» 

4 com R iS^ff tb mtzm 4 to^rrS] {cfB o t~m 4 <ofi 

BP4£f+JSU (r) JfflEfS 1 , *2, SB3&V3&4 
c0^fS]^^o7tfigP 1 . P2. P3. P 4 co^^coll 

W»acO»^*iil»^5^i£jc^T, (a) &f£f£iC^ 
Jt oTiBS— K/iffiffi^^olSK^SIf.^rfnftl L , ( b ) 

^swttssiiffljfi (rf) ^^x^fcrnfeizmv 

(c) fplS$:c^^X, YftG*Ztt;cteofcfa*cO3oc0 

^co^fpjic^itTt^/s^^jgd^m^ , (d) m&f&m 



R*lBi&f¥Z8LPg (c) (MR) JZ^ 

oSUzU (e) SMR^H^-^^L, (f) 7^ 

2, M3Xt/»4<D*ffi](C[fii}+fc2 a-^jgBtaifeliE* 
ffll^Tiiu1Ea« (b) 7^ (e) £305 ^Cl^ilL 

fj?2, «3 < Rt^»4<OK»MRJJ:*«*4r* 
(g) BMESl, !S2 % »3JH;»40MR«i»S 
-^<b5£* fiufEM 1, |g2, SB3ao^4«0^lfijJwfBo 
fcffiUPl, P2, P3, P4£§+J?U (h) 
-^l^/£i:^ot, SufEJgL |g2, S3 &Tim4 
^^(C^of-fiMP 1 , P2, P3, P4cO|S^cO*£ 

[fS*i!i5] X, YXtfZ 2 :/^ISffifcJiE;&5, 
*1W(i3f^coatfixfcffitt^^^?5^ x 2[n]gco^3gL 

<0«f£l*K&frT, 4leIBtf>iftjgL-?ri. Y&tN*Z2n 

<^StettKEL#^iil#iSi 4fE«cco^i 0 
[If*ill6] X, YXO*Z{iK£3oeD&5£^;»t* 

55 s , S2, m3Rxim4(D^mzr^ofz{iLm 

PI, P 2 , P 3 . P 4 co^cOM'&i^ b TIScok 
Xffi«=- P 1+P2+P3-P4 
YfeM=- P 1+P2-P3+P4 
Zf4g=-P 1-P2 + P3 + P4 
l-t£oTff#£n5»*5 1 5IEffico^r?£ 0 

s»t ^rawtc#a^-r sa»s:*tpn** 7 tescco^ 

[0 0 0 1] 

[BSlSffiJS] ZcOtBRiL 1 9 9 2^4^1 S{CttiEI£ 
4xfc*H»ffFffiJHiiL#*3BO 7/8 6 1, 7 1 8 3\ 

««co*w ^^^ifcp| F ^^v^Tis^co^5M4•^^l-r'5iI 

W3SHSt/>"«/u^JiW^j , H80 7/8 6 1, 662 
ii^^Ej SU'IF]^ 07/86 1, 6 9 0^ ^^tO^ 
[0 0 0 2] 

[^P^co^i?] ^co^0^{t^^^#f$co^(cJfA-t-o(l . 



(4) 



-2 5 5 6 9 1 



[0 0 0 3] 

lW&8ffl<DOLW] BMmi& (RF) ff^-£1£oT % # 
ffrt03SKSriliaSi-5«o^0^i£^, Mint 19 9 1 
¥9£ 3 0icttm^n7t*[l#^ : tUiiilL#^O 7/ 
7 5 3, 5 6 5^, 3S 5*3 rffljft/aiK«#^jiES:ffl 

7 5 3, 5 6 3^, Jl^OifeW iBsfeJll&^^ffi^T 
3S«co{t«&TJ«fPlSSrii5igWSSBj , HS0 7/7 5 
3, 5 6 4f, WfttoZM rSE»Ha«#*fflV^5i#: 
X»*3t5Sta3S«J , 11* 0 7/7 5 3, 5 6 7^ ^ 

ttit tbixTt = ^^rilSf 5 R Fi£ff &u^ff Sg^Jl 

[0 0 0 4] ±!Cl?!fflLfc*ll»fftaJHaL##*0 7 
/8 6 1, 718^, ^0 7/8 6 1, 6 6 2*ftV 
HI0 7/8 6 1, 6 9 0^-(-fEifcSix-C^-S«tC, # 

V^*tTl^£ 0 tt5£-r5 3OC0*7CC0#^ 

-C-x — * ^rffi^t ^X-mm-r o w i: ic £ <9 , 3 o^iE^i" 

[0005] mz. mmfote&ftnmwz&mtit-r 

\z^ ^MJZjfi^lSS-c, (MR) fNfe3£«i*J 

[0 0 0 6] 

(MR) fN«36B*tt5rticJ:oT**Six 

£< iOh$#4ffiS&jgj£ (RF) ^/i^&tttlo^lC 
i:or^JE-rOo ^f*^^cO^?L (bore) co^lCgE 

21 9 -aco r f Rxim^mZ'<'\s* t , 
^R&;cj;oMR^{f^-^s^$e-ro : -(niz^m^tK 

SSKicSiWit btiTtR F ;Kzaijgi»ei-o« R F 

fi£oT. R F = >f /ucoftK 35 < idfcoSe* fcTWc 
tt^R F '/ujeioTfttbSixo: Sff £SBaM$ffl£ 



[0 0 0 7] r^— ^cOiR^ii, Z^tcH^-fS 3 oco^ 

ifiic^ofcR f = 4 /wtiLmizm.&tfyizitm-i'Zo 
it^Kt^—^^-y— y xiMfotMir, 30 

(Oi^^ctd^itoR F =>T^Of4«S:tH|L"t*5o refill 
[0 0 0 8] 

[3§93<ob«j] ro^oatota, (MR) & 

[0 0 0 9] Z.<D#9i<Dm<DntfJ\*. MRfl^-CO^Hk 

flFIII*<0|Sia«C|S*L-C*>5^. :«o«wi#©«^ 
[0 0 10] 

[*W«0s¥Lt^K.W] BIlT'ti, 5Sf-7'/H 10_b 
icv^-5Ktftft:l 0 0/5^ m^^Wi/Pl 2 Orttc^^ 

gi 5 O^r^co^tclf A-f 5tK«Sffl 0 0<O«Sc^. ^ 
512 5 c^^7LcO^:*^ ^ic^&b ibH^o 1 0 0 

cOHia?K«#5DiE = -</H 3 0 (^i:»ilt^Lt 
tcJ:o"CSHa*4xTV^o ^Jia^-f ^ 1 3 0 (i, 

[0011] ^SH5 = >T/H 4 0 fctt&ftl 0 OOHi^ 

f^«-r 5 m \zm + $ -m ^ * v ^ r ia co «^ ^ (nm<D 

&ft&Z(Dft*)'tzm\<*xi>£\<\ zcoiW\z^ 

T\ K^ftl 0 Ocoi^^Kco^m^e^^^ifj^-fr 
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[0012] 1 5 Ori^^u— * i 6 OCiotK 

i>otJ:v^ wCD£g«a5. ^fflj=i-f/n 4 0i:i;oT^ 
VIRff -^Sr^fcb-To R F ^-f^^^otOOo RF^ 

K^rcilQ, 5 OOffi«tf5f£«&£ttgJ»3£» 1 7 

0-C^^n, 3t^l3: 1 8 0 lC^^^ixo 0 wCOSgW 

ii^^tl 1 7 0(^ilcfc5S^#^lcJ:oTli®j$iXo^ 
iicOMR»{c|g|^IS*S:fi*i--5 * >ICj:oT, 

11 5 0*=8;b-*-®7Bfe-§-j&s, f^tt^gl 9 OICctoT 

tf*«S:8ff«^Kffi (CT) , ^'»o>-&ffl»fJi^SE 

[0 0 13] l^JS^J^SSRl 5 0/iSia2^1¥L<^S 
4x"Cl*o* /|^l^RFa>f/i/2 0 0^ ^f£2 10, 2 
2 0 rj>LtMRgi!:IM^iiiOo ^cO^GD# 

^tv^n^jr^i, i»2io, 2 2 oasrawKoatSrTB 

fi£1~o., #f£2 10, 2 2 O^O'R F^^f/U2 0 0^, 
gll 5 0<0^fifJ»fls2 3 0rtlc*fA$ixT^Oo SI 
1 5 0£»#<*fl|«to»ib£-r oMRfS-§-dS = >f/U2 0 0 

[0 0 14] ISI3fi^«&t^Ka£03glW{caLfcMRi6 

4€i§9 1 O^^^offJ^fH-^^M^'r 5^JfW^9 0 0^ 

•fir-t-s* - o^omm&tK e^-sgi 2 0 (laucfe 

^LTJbo) rt;d*>5a*4giE = >r /ui 3 0SrSElft-r 
5., ^Id^-f'H 3 011 HVMCKSgi-i 3'oco^rfp]cO 
^#£JiE£M£Lf#o, »J»S9 0 0il Sff»^S9 

mard) J KSl^RftiilWJWff \Zttfc+ 3 4 o cOT'£>o T ct 

as, fl*35 = 'f/H 4 0rt!cfe^«tjsf*:(O«JsEc058tfixfc 

(OR F '<'U*&5e£U r.(0^g|5 = -f 'Kiffi^E 1 2 5o0 
tpRtfytp'tZhv-. MRff ^^ s 5ftll^©9 4 OiCtggE 
3hf;RF^'U2 0 0 (Hi 2 1;^ Lt^o) JCsSe 

^ 9\zf^ix^r ^ >?/Wtt5 - hicj: <9 , MRff 



Jxsasftiasjxs, Mfg9 5 0^ fM»«9ooa»e> 

tOifm^^:46oo &&ffc</)^tfSf£&3M3: 1 9 0!Cj:oT 
SJSPS9 0 Oicgt^^tiOo ^ixb^ftH ifS, X 

f^»3£lt!CJ:oT*^-rsr4:dsU13(Eoo tt*¥S!9 5 
0 !:J:oTf|-g$nf^^^2 o oco^ic^-ToS 

[0015] sulci*, m^zjm&tvmztit^m, 

*tT^5 0 £ji£=r-f/H3 0 (Bl) £0^^3 0 0ic 
foZ>* tfvte^ — ^TilrS^ f o £3T1-Oo .S3 0 0JC 
»l*5 7-^7«i£«f o JS* 2 5 (Hll) ici 

1 0ic£>o* t°>H K#^JiE = -f /H 3 0 

(El 1) ;Cj;oT^CO^B)T(C^^$tL7tS'J^a^COfi](C 

-</UC0/^^3 2 0/5^B:llWT'fc^75^, ^tfVfi0 7 — 

[0016] a 2 \ZTjk-tmzmm i so rt^#tA£*wt 

«ill5Wllffj £P¥^o wCO«FM«lia^, -tfnS?£S« 
RF/^4 0 0^Jd5^ o ^i:, 7*— *iR**f-J§- 
4 4 0fr5€±£flX, if oSSpMR^-ff-g-4 5 0 £^ 
^*>^Mtl, H 1 fiOf^ftXViiWasa l 7 0{cl5«S 
noliCf^o fDl$MR^fff4 5 0755, 

2aO c S3(Of-^lR*(|f-4 4 0 x, 4 4 0 y, 4 4 
0 z {^^^LTHt^oix/r 3 ocOiE^fimcO^^T^^® 

[0017] 11 (OJEfiFAKR F^/u^ 4 0 0 x T^Hi 1 co 
^35zi^/u l 4 0 rtiC&ol&f&ftcO^TCO^ t'V^r^tg 
too S 1 «0£ffi«R F 4 0 0 x IBKOiK 

5l-&lia/^/^4 1 0 x^T'^cO*^l(-^P§tiOo ^IIE 
'</UX4 1 0 xas^fc^cOffifl;*:. ^De^^JSd ^ 

JtW-r§ea!Clf4tB^L (dephase ) ^IH^^/u^ 
4 l 0 xic^T, 5»cotiteif5poaf2coK#^ia-'< 
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£]IE^/u;* 4 2 0 xGDtg*I&\ S 2 0>iK#&JKl/*/u;* 4 

tc, 2 co^u* 4 2 0 x t fl&P— cDmlSSr^o^ 3 to 
/^4 3 0 x^o, *^_k, H2&1^!3 cO^jgE^ 
/M4 20 x, 4 3 0 x!i, l flico^/u^ ^rMf&L. Z 

t'^oo ^2co^3iB^^^(0«|i9i^ K&tertic*>o:£ 

[0018] ^2 co^JlE-^/u;* 4 2 0 x RXfWi 3 tD^JlE 
/^74 3 0 x(OW s r-^iRHf^4 4 0 x(cJ;^ 
m 1 cOMRj&Sffi ^4 5 0 x ^RF = >f/U2 0 0 (SI 

2) ^©Oo MR/fcSft-SM 5 0 x^t-V v^Mfc* 

tL, f^fifixt^iiiffisai 7 o (mi) :ci5i**4xSo m 

Rj£^{f-^4 5 0 x!t ^2</)£jiE^/u^4 2 0 x6O0& 
^T'^S'HSCitU ^n^^IE^*^](C^o7^^ 
1150 (Hi) coffiKicftltWi-ov— ^-TffliffiSfcS: 
f*o 5 MR/S^ff-SM 5 0 xcO/agES*ffio-C, HWnK 

(ii) cofia^^:^i-5o 

[0019112 cDJEWJgR F 4 0 0 y^\ Si 

(DMRJfrSlf #4 5 0 x*iR*Lfci:^lcHWnS*v^o 
m 1 ^fatC^t-SEI 1 co^g 1 5 OcoSa^^^Lfc 
OfcHHSSicLT. 314, *5X0^6co4gE^/u^4 1 
Oy, 4 2 0 y, 4 3 0 y^i\ cD^fa £ B&iH3^<5 
S2^ ( ~ cQ±f^(iY;^£ Lr^Ltfco) ICR] 
^JD^iXOo x — ^iRifeff^M 4 0 yr;sMS5&tJ*3S6cO$3 
E^4'2 0y, 4 3 0 y^IIT=i:M^nt, * 
2 GOMRJj^ff -*M 5 0 y^fVvi'ML^t, SI 1 
(Otf^XtfiliWKS l 7 Olc|51»$no«^-rSo MR 
JCS«ff-S-4 5 0 ycoiaifiSSrffio-C, 2 cD^ft y [d» 
lto^I15 0 (HU) cOf4KS:£fc?rrOo MRjfc^ff 
^4 5 0 y^^fflLf:t, S3^§l$RF/^4 0 
0 z^^PAP^ix, S7, ^8&I>^9<0£jlE'°/U*4 1 
Oz. 4 2 0 z, 4 3 0 1 &r*&2<Djj&\tmW. 

i^P5tl<0 0 f - ^ itXKf f 4 4 0 z 3^ 8 & t>*l 9 

4 5 0 z^f^y^M^nr, Hi 1 cO^&at^iiWS 
11 7 0 CEii3nol!Cto, MR.^(t^4 5 0 z 
cojgi£«3M£o-c\ » 3 cO^rSlZ ICS-It 5 0 
m l ) cofil^^-Too 

[0 0 2 0] M3t/>MR)£¥ff-^4 5 0 z GOj&fcticOg, 
if a^^MRi^¥ff^-4 5 0IC£o-T?IJ*bftfci£Rft*-7 



o m r m ^ ir* -r 5 ^ * Jiff £ ® as Wic-r 
[0021] z(Dmm<Dm(ommmx^ v S3, les. 

0^ 9 cD^jIE^l^ 4 3 0 x, 4 3 0 y, 430z (Dfip 
«WBBSr5£ftL-<\ JSfccOJEWJsERF^^/^SrHWO-rSffil 

£oT, #^RF/^/U^^^C0^t: o V(Ofit@=it:"U 

*0ORF'*/wMc*tU MR3SRcoRFgffSSXt52SW 

[0 0 2 2] Cc03§^(OgiJ(O||JfiCSJ-Cit, MSI, S4^ 
Xfm 7 <D*3ms</]sX 4 1 0 x , 4 1 0 y , 410z (DM 

#^<ofs^sg(ts^ffl^tt^s«^«/>L. 

V \, mi, S4 Xt^» 7 (^^Jlfi/^^^ 4 1 0 x , 410 

y,. 410 znmmm^m'p-tzk, rf^/u^wbb 

[0 0 2 3] HI 5 id^-f^^^^JIfiff ti, !H 6 tc^-r rr 

4 6 0^9 o 3oc^fiLffi^L®#^iE^^/U^4 7 0 
x, 4 7 0 y, 4 7 0 z d^B&lRl^tCfPiDSixT, 
lE^-To 3 otO-#(C-^oT^ t 0 ^co{iLt§^L^:-t"^o it 
ai^^^JlE^^/^^ 480x, 480y, 4 8 0 2^, ft 
^^L^jgE^^U^CO^lCf^^lC^P^tLOo ^"^iR* 

T, /CSW-g-4 5 1 ^MR3S«(cJ:oriR*Sn5««c 
-To, #»Wtarft^LRt^lrcmK^iE^/u^^2n — 

[0 0 2 4] ^ff^-4 5 lCO^fcfciOO^ ffitt<DA?fc5 
KUL^Jifi^^^^ 470x, 470y, 470z, 480 
x, 480y, 480z. 490 x, 490y, 490 

[0 0 2 5] 



(7) #§l¥7-2 5 5 6 9 1 



X Y Z 

mM 24- + - 

3 + - + 

4 - + + 

[0 0 2 6] m 6 id^Lfc :05S5I<07^- /uRF-^ik 

fPl, P2, P3. P 4cO#*£»ibcDffi:«j&^ i5S 

o-Cft^L^iXOo 4ocO(itPl, P2, P3, 

P4cO^^|l^i±-^ft*LT, X. Y&G*Z?K#fcJiE 

N E X = 4 t'^o 7 ^^-^^ft^Uffi^J 

[0 0 2 7] XE1= P 1 - P 2 - P 3 + P 4 
Yffig= Pl-P2rP3-P4 
Z fi«= PlrP2-P3-P4 

mSiCfltBSMiCili^^: r-fefaS^MRiilWJlW^j XJH 
6 ICo^T®^^a!-<7t rr ^ — /UMRiiBWSFFj £r 

^^rtt^nTtii] i coi^g i 5 ooaiii, aea^s* 

[0028] 7 «ifflsn^ft ^e>ia icoasa 
i s ocofaRSr^i-sa^iciaicof^axt/iiJwasBi 

^otV^Q 5 B*S:7-y (FT) (c^ttt, 

o!H2oOR F rr^ ;u2 0 0 cof&B;c#j£iT o 1 fHitOS;*; 
ffi5:So-ci ^ ^ — ^ co $ a ;c ^ : j ^, a ^: f [S ^ ^ Fir W 
ttJU ^n^^^j^ I 8 0 (HI 1 ) Id^oT, ^< u 

[0 0 2 9] *HiwJ:o-C!±, MRf^&C^BcOiiB* 

(ESI 2) rtiC&o R F =>T /U2 0 0 ;i JzoT^ttl^nfc 
MRJCSff-^&WWL-C* SB 1 5 0 '/)«i3lf Sr*^o 



[0 0 3 0] wC03£W<0#S LV^lSfiaj-Ctt, SB 15 

0 rtlcfeo R F = ^ 2 0 0 ^S(tffi?rtgo U 
aifa&L^ft = -f/KOffi{C«ifflS'l4^*>9. gll 5 0 

U ^S&s^/U 1 4 0 ^oTMRi^fl^Sft-t-o 

R F = 4*1*2 0 O^ot, IU8^^i-^^, ^SidR 

ffifenSMRJKfftCtEoT^-f 3/^9 0 3Srf^»L. = 
>U2 0 0&i£«»9 3 OCgllt, »*{CRFx 
^^*ai9iitfo 9l»89 0 0^yf9 0 

3^f^KjLT, n-<;U2 0 0^f^9 4 0 5Cg|!L, 

[0 0 3 1 ] LV^i:%x.e>n*»o^<0||J6fi?iJ 

[mi] K^f*^ c zmsL^Mm z £>m-t zshi^n 

[i2] ««#co#«:ic}fAUJ:5i:-raaS»cRtte> 
tifcR F = /KO«EBS«^Slo 

[I2 3] C(0|gB^«cJ:^l2 2 603S»S:iil»-rScoica[L 
^MRf£»3£«cO:/a *y$m o 

[B4] WiO«^^i£^#ffii-^^^MRjC«Hiffi*Sr 

[15] r C0|g^ CO r-tf nSipMRiiWII^j SrS-TiK 

[HI6] -to^o rr^-/wMRiIWil^j 

[(H 7 ] H3*P$ixfc«l|.^iB<0^r6]ic«SofcR F >u 
[13 8] zco*MicJ:SSU<o||jteCTMRiil»3fiacoSB» 

1 0 0 

1 2 5 *AB£^ 

1 4 0 fl-SB^-f /u 
I 5 0 

i 8 o 

200 RF^-T/U 

900 m'M%5 
9 i o mmm<g 
930 ant gg 

9 4 0 Sft-gs 
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